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(54) Titanium dioxide film having photocatalytic activity and substrate having the same 

(57) There is provided a substrate of which the sur- 
face is coated with a titanium dioxide film having a pho- 
tocatalytic activity, which substrate is obtained by: 



depositing titanium dioxide in a film form on a sur- 
face of a substrate by contacting the substrate with 
a reaction solution containing ammonium titanium 
fluoride, water and an additive which shifts the fol- 
lowing equilibrium reaction: 

(NH4) 2 TiF 6 + 2H 2 0 <=> Ti0 2 + 4HF + 2NH 4 F 

toward a right side, and 

calcining the deposited titanium dioxide film. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a titanium dioxide 
(TIO2) film having a photocatalytic activity using a depo- 
sition phenomenon in a liquid phase and a process of 
forming the film, and a substrate having such a titanium 
dioxide film and a process of producing such a sub- 
strate. 

Description of the Related Art 

As a process of forming a titanium dioxide (Ti0 2 ) 
film on a surface of a substrate such as a glass plate, a 
process is known in which the substrate is immersed in 
a titanium-hydrofluoric acid solution to which boric acid 
or aluminum chloride is added (see, for example, Japa- 
nese Patent Kokai Publication Nos. 59-141441 and 1- 
93443). 

As another process of forming a titanium dioxide 
film, Japanese Patent Kbkai Publication Nos 3-285822 
and 4-130017 describe a process in which an aqueous 
solution containing ammonium titanium fluoride is used. 

According to the prior art processes as described 
above, the formation itself of the titanium dioxide films is 
merely known, and nothing is described regarding how 
their properties, especially photocatalytic activities are, 
or which industrial applications the films have. 

Recently, a photocatalytic activity of titanium diox- 
ide has been focused on, and a cleaning process for a 
gas or a liquid has been known in which a plate of which 
the surface is coated with a titanium dioxide film is 
placed in a channel for air or water containing harmful 
components. As other processes for the formation of the 
film of titanium dioxide having the photocatalytic activity, 
the Sol-Gel process, the CVD process, the Sputtering 
process, the Pyrosol process and the like have been 
known. These processes are described in, for example, 
Japanese Patent Kbkai Publication Nos. 8-99041, 8- 
91839, 7-232080 and 8-103488. 

Those processes can form the titanium dioxide film 
having a uniform thickness on an flat substrate such as 
plates, but it is difficult for them to form a uniform film as 
such on a substrate having uneven or complicated sur- 
faces such as glass wod. In addition, the titanium diox- 
ide films formed by the prior art processes have not 
necessarily sufficient photocatalytic activities. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a titanium dioxide film having an improved pho- 
tocatalytic activity and uniformity and also a substrate 
having such a film thereon. It is a further object of the 
present invention to provide a process of forming a tita- 
nium dioxide film and also a process of producing a sub- 




strate having the titanium dioxide film thereon. 

The above objects are achieved by a titanium diox- 
ide film having a photocatalytic activity which is 
obtained by 

5 

depositing titanium dioxide in a film form while an 
additive is used in a reaction solution comprising 
ammonium titanium fluoride and water which addi- 
tive shifts the following equilibrium reaction: 

10 

(NH 4 )2TiF 6 + 2H 2 0 <=> Ti0 2 + 4HF + 2NH 4 F 

toward a right side (i.e. a direction to increase a 
concentration of Ti0 2 in the reaction solution), and 
15 calcining (or sintering) the deposited titanium diox- 
ide film. 

In other words, the present invention provides a 
process of forming a titanium dioxide film having a pho- 
20 tocatalytjc activity comprising the steps of: 

depositing titanium dioxide in a film form by adding 
an additive in a reaction solution comprising ammo- 
nium titanium fluoride and water which additive 
25 shifts the following equilibrium reaction: 

(NH4) 2 TiF 6 + 2H2O <=> Ti0 2 + 4HF + 2NH 4 F 

toward a right side (i.e. a direction to increase a 
30 concentration of Ti0 2 in the reaction solution), and 
calcining the deposited titanium dioxide film. 

The film as such is formed by precipitation and 
accumulation of titanium dioxide in the solution. In a 

35 practically preferred embodiment titanium dioxide is 
precipitated and accumulated on a surface of some 
substrate so that titanium dioxide is deposited in the 
form of a film, which is then calcined. 

Thus, present invention provides a substrate of 

40 which the surface is coated with a titanium dioxide film 
having a photocatalytic activity, which substrate is 
obtained by: 

depositing titanium dioxide in a film form on a sur- 
45 face of a substrate by contacting the substrate with 
a reaction solution comprising ammonium titanium 
fluoride, water and an additive which shifts the fol- 
lowing equilibrium reaction: 

50 (NH4)2TiF 6 + 2H20<=>Ti0 2 + 4HF + 2NH 4 F 

toward a right side (i.e. a direction to increase a 
concentration of TIO2 in the reaction solution), and 
calcining the deposited titanium dioxide film. 

55 

The present invention further provides a process of 
producing a substrate of which the surface is coated 
with a titanium dioxide film having a photocatalytic activ- 
ity, which process comprises the steps of: 
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depositing titanium dioxide in a film form on a sur- 
face of a substrate by contacting the substrate with 
a reaction solution comprising ammonium titanium 
fluoride, water and an additive which shifts the fol- 
lowing equilibrium reaction: 5 

(NH4) 2 TiF 6 + 2H 2 0 <=> TiCfe + 4HF + 2NH 4 F 

toward a right side (i.e. a direction to increase 
TO2), and 10 
calcining the deposited titanium dioxide film on the 
substrate. 

In the present invention, the contact of the substrate 
with the reaction solution includes, as one preferable is 
embodiment, also immersion of the substrate in the 
reaction solution. When the substrate is contacted with, 
and preferably immersed in the reaction solution, the 
substrate may be placed in the reaction solution con- 
taining ammonium titanium fluoride, water and the addi- 20 
tive. Alternatively, the substrate may be contacted with, 
and preferably immersed in water (or water containing 
ammonium titanium fluoride), to which ammonium tita- 
nium fluoride and the additive (or the additive) may be 
added thereafter. 25 

In any one of the above inventions, washing and/or 
drying of the deposited titanium dioxide film may be 
optionally earned out before calcining it if appropriate. 

DETAILED DESCRIPTION OF THE INVENTION 30 

In the present invention, the additive is any compo- 
nent which shifts the above equilibrium reaction toward 
the direction to increase the concentration of Ti0 2 in the 
reaction solution and it is not specifically limited as long 
as it does not adversely effect on the photocatalytic 
activity of the formed titanium dioxide film. Concretely, 
the additive is a component which reacts with fluorides 
(i.e. HF and NH 4 F) in the solution so that hydrogen con- 
centrations in the solution are reduced, namely a com- 
ponent which shifts the above reaction toward the right 
side so as to increase of a 7102 concentration in the 
solution, resulting in the concentration being likely to be 
within a supersaturated condition (thus, Ti0 2 is likely to 
be precipitated and, in fact, precipitated). All the additive 
is not necessarily dissolved into the solution, and it may 
partly be present in a dispersed condition in the solu- 
tion. 

As a particularly preferable additive used in the 
present invention, boric acid, metal aluminum, alumi- 
num chloride with ammonia and any combination 
thereof can be exemplified. The additive is preferably 
used in the form of an aqueous solution. 

In the present invention, ammonium titanium fluo- 
ride is usually used in the form of an aqueous solution. 
It is preferably used in an amount within a range 
between 0.01 mol/l and 0.2 mol/l based on the solution 
total when a reaction of the additive with ammonium 
titanium fluoride starts (in the case where the substrate 



has been already placed in the solution which has not 
contained all the essential components and the balance 
components), for example the additive, is to be finally 
added to the solution) or the substrate starts being con- 
tacted with the reaction solution (in the case where the 
substrate is finally contacted with the solution which has 
all the essential components). If the concentration is 
below 0.01 mol/l, the reaction precipitating T1O2 
becomes very slow. If the amount is above 0.2 mol/l, not 
titanium dioxide but titanium fluoride oxide is precipi- 
tated. Although the above concentration range is suita- 
ble for the present invention, the concentration range is 
preferably between 0.8 mol/l and 1.5 mol/l and more 
preferably between 1.0 mol/l and 1.2 mol/l. With such 
concentration ranges, the formed film has improved uni- 
formity and transparency; the latter is very important for 
the film to be formed on a substrate such as an antifoul- 
ing glass of which the appearance is important from its 
commercial interest. 

In the present invention, the additive is preferably 
used in an amount within a range between 0.05 mol/l 
and 0.5 mol/l based on the solution total when a reac- 
tion of the additive with ammonium titanium fluoride 
starts (in the case where the substrate has been 
already placed in the solution which has not contained 
all the essential components and the balance compo- 
nents), for example ammonium titanium fluoride, is to 
be finally added to the solution) or the substrate starts 
being contacted with the reaction solution (in the case 
where the substrate is finally contacted with the solution 
which has all the essential components). If the concen- 
tration is below 0.05 mol/l, the reaction depositing Ti0 2 
becomes very slow. If the concentration is above 0.5 
mol/l, the formed film is non-uniform. Although the 
above concentration range is suitable for the present 
invention, the concentration range is preferably between 
0.1 mol/l and 0.4 mol/l and more preferably between 0.2 
mol/l and 0.3 mol/l. With such concentration ranges, the 
formed film has the improved uniformity and transpar- 
ency. 

In the present invention, the substrate on which the 
film is formed is not specifically limited provided that it 
does not adversely affect the photocatalytic activity of 
the formed film. Thus, the substrate is made of an inor- 
ganic and/or an organic materials. For example, 
glasses, oxides and/or metals are the preferred materi- 
als for the substrate. Furthermore, the substrate may be 
coated with an inorganic paint and/or an organic paint. 
When the substrate is covered with such a paint, it is 
effective to prevent the film from being peeled off and/or 
cracked when it is dried or calcined. 

In addition, the present invention makes it possible 
to form a film having a substantially uniform thickness 
on the surface of the substrate which may be not only in 
the form of a flat plate but also in a complicated form 
such as a fabric (including woven, knitted and non- 
woven materials). Fibers which constitute the fabric may 
be of any possible materials provided that they do not 
adversely affect the titanium dioxide film. For example. 
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glass wool, stainless steel wool, teflon wool and the like 
may be used as the substrate. 

The following substrates are exemplified as other 
substrates; lighting fixtures, range hoods, kitchen units, 
toilet units, bathroom units, storage units, construction 
materials, bedding, curtains, carpets, household appli- 
ances, cooking utensils, tableware, cars, bicycles, per- 
sonal items, clothes, purification (or clarification) 
equipments, water systems and items for pets. The sub- 
strate may be a portion or a part of the substrate as 
described above. The substrate in the present invention 
may be outer surfaces and/or inner surfaces (portions 
which are wetted when put into a liquid) of the above 
mentioned example. 

More concrete examples of the substrate are as fol- 
lows: 

(a) lighting fixtures include reflectors, covers and 
shades, and range hoods include filters, hoods and 
ventilation fans; 

(b) kitchen units include tables, cupboards, walls, 
tiling and ceilings; 

(c) toilet units include walls, toilet seats and bowls; 

(d) bathroom units include bathtubs, walls, tiling 
and ceilings; 

(e) storage units include shoe cupboards, closets, 
chests of drawers, under-ftoor storage spaces, rice 
chests, cool boxes and trash cans; 

(f) construction materials include materials for 
external walls, bricks, partition walls, (Japanese) 
sliding doors. (Japanese) paper windows and floor- 
ing; 

(g) bedding includes quilts, pillows and blankets; 

(h) household appliances include television sets, 
video recorders, record players, air conditioners, 
heaters, vacuum cleaners, washing machines, 
refrigerators, electric kettles, kotatsu (low tables 
with built-in electric healers), rice cookers, razors 
for men and women and hair driers; 

(0 cooking utensils include pots and pans, kettles 
and frying pans; 

(j) tableware includes glasses, cups and bowls; 
(k) cars include car windows and steering wheels; 
(I) personal items include hats, bags, watches, fish- 
ing rods, shoes, false teeth and contact lenses; 
(m) clothes include uniforms, business suits, socks, 
underwear, coats, jackets, sweaters, sweatshirts, 
shirts, trousers, kimono, skirts, pantyhose and 
tights; 

(n) purification equipment includes waste water 
treatment units, purification tanks, air filters, water 
filters and garbage disposal ; 
(o) water systems include swimming pools, aquari- 
ums, fish preserves and rocks for garden pond; and 
(p) items for pets include hutch, kennels and bird- 
cages. 

Due to the photocatalytic activity, the titanium diox- 
ide film according to the present invention decomposes 



various kinds of dirt which adheres to the substrate so 
that the substrate is unlikely to be covered with such 
dirt, and even if the substrate is likely to be covered with 
the dirt, it is decomposed and removed. Thus, it is to be 

5 noted that the "photocatalytic activity" in the present 
invention is intended to mean an activity to decompose 
organic materials such as dirt and the like in air or liquid 
in which titanium dioxide is placed or on a surface of tita- 
nium dioxide by irradiating titanium dioxide with rays 

10 within the ultraviolet range. 

In the present invention, the film is calcined in air or 
an inert gas such as nitrogen after it has been formed 
while deposited, and a calcining temperature is prefera- 
bly in a range between 1 00 °C and 700 °C provided that 

75 the substrate having the film thereon is not adversely 
affected by the calcination. If the temperature is below 
100 °C. the resulted photocatalytic activity may be too 
low for certain applications and the film may not suffi- 
ciently adhere to the substrate. If the temperature is 

20 above 700 °C, also the resulted photocatalytic activity 
may be low. However, the film on the substrate may be 
calcined at a temperature below 100 °C at the expense 
of the adhesion of the film to the substrate and/or pho- 
tocatalytic activity. Optionally, the calcining step may be 

25 omitted depending on individual applications. 

Within the above calcination temperature range, 
preferably a range between 250 °C and 600 °C and 
more preferably a range between 300 °C and 500 °C is 
employed under the consideration of the film adhesion 

30 to the substrate and the photocatalytic activity of the 
film. 

Upon the calcining step is carried out a period 
thereof is preferably in a range between 0.5 hour and 6 
hours, and more preferably in a range between 1 hour 

35 and 3 hours, for example 2 hours. 

Before the calcination as described above, washing 
and/or drying of the deposited film may be optionally 
carried out The washing step removes unnecessary 
components as much as possible and it is preferably 

40 carried out using water. This washing may be omitted if 
most of the unnecessary components are removed by 
dehydration from the substrate. The drying step may be 
carried out at a temperature within a range between the 
room temperature °C and 150 °C. The present invention 

45 may be carried out without drying since a initial period of 
calcination may be regarded to be a kind of the drying 
step. 

A thickness of the titanium dioxide film according to 
the present invention is preferably in a range between 

so 100 nm and 2000 nm and more preferably in a range 
between 600 nm and 1 000 nm for effective decomposi- 
tion of organic materials in air or water and in a range 
between 50 nm and 200 nm for preventive maintenance 
of solid surfaces from dirt. When the film thickness is 

55 below 50 nm, the activity may be insufficient for the 
decomposition of the organic materials. If the film thick- 
ness is above 2000 nm, the activity may not be so 
improved relative to increase of the thickness. However, 
the lower thickness below 50 nm, for example 10 nm 
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may be suitable depending on the individual applica- 
tions. Such thin films may be applied to substrates on 
which less dirt is deposited. FOr example, so thin film 
may be applied for antifouling glasses. 

The resulted thickness of the titanium dioxide film 5 
depends on a period for and a temperature at which the 
substrate is contacted with (or immersed in) the solution 
comprising water, the additive and ammonium titanium 
fluoride, for example an immersion period and an 
immersion temperature of the substrate in the reaction 10 
solution. The above preferable thickness may be 
obtained usually at a temperature in a range between 
20 °C and 50 °C, for example 30 °C for a period in a 
range between 30 hours and 40 hours, for example 72 
hours for the purpose of the organic material decompo- is 
sition in air or liquid. For the purpose of the preventive 
maintenance of solid surfaces from dirt, the film may be 
formed at a temperature in a range between 20 °C and 
50 °C, for example 30 °C for a period in a range between 
1 hours and 14 hours, for example 2 hours. 20 

In the most preferable embodiment of the present 
invention, the combination of the parameters for the for- 
mation of the titanium dioxide film may be as follows: 

ammonium titanium fluoride concentration in reac- 25 

tion solution: 0.08 - 0.12 mol/l 

additive concentration in reaction solution: 0.2 - 0.3 

mol/I 

deposition period: 2 - 5 hrs (in case of preventive 
maintenance), and 48 - 72 hrs (in case of organic ao 
material decomposition) 
deposition temperature: 30 °C 
calcination temperature: 300 - 500 °C 
calcination period: 1 - 2 hrs 

resulted film thickness: 50- 200 nm (in case of pre- 35 
ventive maintenance), and 700 - 1000 nm (in case 
of organic material decomposition) 

The solution comprising ammonium titanium fluo- 
ride, the additive and water used according to the 40 
present invention may further contain other compounds 
provided that they do not adversely affect the photocat- 
alytic activity of the titanium dioxide film. For example, 
the solution may contain hydrochloric acid. 

In one of the preferred embodiments of the present 45 
invention, another liquid may be added which has a lim- 
ited solubility into (or miscibility with) the reaction solu- 
tion (preferably which is substantially immiscible with 
the solution), and which has a larger specific gravity 
than that of the reaction solution so that a two phase so 
system is formed in which the reaction solution phase is 
placed above said another liquid phase. This another 
liquid preferably dissolves much less additive and 
ammonium titanium fluoride. As such a liquid, chlo- 
robenzene is preferably used. 55 

When such a liquid is used, titanium dioxide which 
is precipitated but which does not accumulate on the 
substrate surface settles downward through the reac- 
tion solution phase into the another liquid phase which 
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is located below the reaction solution due to its own 
weight. This means that precipitated titanium dioxide 
which can be a seed for subsequent precipitation and 
which does not accumulate on the surface of the sub- 
strate does not remain in the reaction solution phase so 
that the deposition occurs mostly at an interface 
between the substrate (i.e. a solid phase) and the reac- 
tion solution phase, whereby the uniformity of the tita- 
nium dioxide film formed on the substrate is improved 
and also unnecessary precipitation in a reaction solu- 
tion bulk is prevented as much as possible (which gives 
economical precipitation). 

According to the present invention, the additive is 
added so as to the reaction equilibrium is shifted toward 
the supersaturation of titanium dioxide in the reaction 
solution and the substrate is contacted with the solution 
in the supersaturated condition of titanium dioxide so 
that titanium dioxide film is deposited on the substrate 
(which may be called as "liquid phase deposition"). 
Thus, the deposited film of titanium dioxide is not 
affected by the shape (or geometry) of the substrate. 
Therefore, even if the substrate is of a complicated 
structure, the titanium dioxide film having a uniform 
thickness and better crystallinity is provided. 

The titanium dioxide film deposited in the liquid 
phase according to the present invention has a higher 
crystallinity of anatase which resulting in the higher pho- 
tocatalytic activity when compared with a conventionally 
formed titanium dioxide film such as that formed by the 
Sol-Gel process. Such higher crystallinity (i.e. a peak 
shape was very sharp) was confirmed by the X-ray dif- 
fraction. 

In addition, the liquid phase deposition according to 
the present invention provides the more uniform tita- 
nium dioxide film compared with other conventional 
films formed by, for example, the dry processes (such as 
the CVD process and the Sputtering process) and the 
Sol-Gel process which use dehydration or condensation 
between the vapor phase and the liquid phase. This is 
because the liquid phase deposition utilizes the chemi- 
cal reaction in the liquid phase so that a chemical com- 
position of titanium dioxide is likely to be uniform 
throughout the film. Thus, the formed titanium dioxide 
film has the improved transparency and crystallinity. 

The following are examples of the present invention 
as well as comparative examples. It should be noted 
that the present invention is not limited to those exam- 
ples. 

Example 1 

62.5 ml of an ammonium titanium fluoride aqueous 
solution (0.4 mol/l) and 100 ml of a boric acid aqueous 
solution (0.5 mol/l) as the additive and additional water 
were mixed to prepare 250 ml of a reaction solution 
(thus, the concentrations of ammonium titanium fluoride 
and the additive were 0.1 mol/l and 0.2 mol/l, respec- 
tively based on the final reaction solution total) when a 
substrate was to be dipped in the reaction solution. 
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A glass plate (having a surface area of 25 cm 2 ) as 
the substrate was immersed in the reaction solution 
thus prepared for 72 hours at a temperature of 30 °C, 
whereby a titanium dioxide film was formed on the plate. 

After sufficiently washing the glass plate with water s 
and drying at room temperature, it was calcined in air for 
2 hours at a temperature of 300 °C to have a substrate 
having a titanium dioxide film according to the present 
invention. The titanium dioxide film had a thickness of 
1000 nm. When a permeation ratio of visible light of the 10 
titanium dioxide film was measured, it was found to be 
about 65%. 

Ex a m p le 2 

Example 1 was repeated except that a steel plate 
which was coated with a white melamine paint (surface 
area: 25 cm 2 ) was used in place of the glass plate and 
that the calcination was carried out at a temperature of 
100 "C for 2 hours, whereby forming on the plate a tita- 
nium dioxide film (thickness: 1000 nm) with the photo- 
catalytic activity. 

Example 3 

Example 1 was repeated except that a stainless 
steel plate (surface area: 25 cm 2 ) was used in place of 
the glass plate, whereby forming on the plate a titanium 
dioxide film (thickness: 1 000 nm) with the photocatalytic 
activity. 

Example 4 

Example 1 was repeated except that 1 00 ml of chlo- 
robenzene was added in 250 ml of the reaction solution 
so as to form another liquid phase separated below the 
reaction solution phase, that the glass plate was kept in 
the reaction solution phase and that calcination was 
carried out at a temperature of 300 °C for 2 hours, 
whereby forming on the plate a titanium dioxide film 
(thickness: 1000 nm) with the photocatalytic activity. 

Example 5 

Example 1 was repeated except that a period of the 
immersion in the reaction solution was 2 hours, whereby 
forming on the plate a titanium dioxide film (thickness: 
40 nm) with the photocatalytic activity. 

Comparative Example 1 

A solution containing 3 % by weight of TIO2 was 
prepared using a titania-sol solution (commercially 
available from Fuji Titanium Industry Co., Ltd. as trade 
name of DC-Ti) and water. A glass plate (having a sur- 
face area of 25 cm 2 ) was immersed in 300 ml of thus 
prepared solution followed by lifting up the plate at a 
rate of 20 crrvmin., whereby the plate was dip-coated. 
Hie plate was then dried at a temperature of 100 °C fol- 



lowed by calcining in air at a temperature of 300 °C, 
whereby forming on the plate a titanium dioxide film 
(thickness: 1000 nm). 

Comparative Example 2 

A coating solution containing isopropoxyde titanate, 
ethanol and diethanolamine in a weight ratio of 1 : 20 : 
0.1 was prepared. The coating manner was in principle 
the same as in Comparative Example 1 but the immer- 
sion followed by the calcination was repeated three 
times, whereby a titanium dioxide film was formed on 
the plate. 

The film had a thickness of 0.7 jim. When a perme- 
ation ratio of visible light of the titanium dioxide film was 
measured, it was found to be about 60 %. 

In order to estimate the photocatalytic activity of a 
titanium dioxide films formed in each of the above 
Examples and Comparative Examples, a plate piece 
(size: 5 cm x 5 cm) having the film thereon was cut out 
from the original plate. The piece was sealed in a quartz 
vessel (volume: 300 ml) and acetaldehyde was then 
injected into the vessel to reach its concentration in the 
vessel of about 50 ppm. Thereafter, black light (10 W, 
commercially available from Matsushita Electric Indus- 
trial Co.. Ltd. as a trade name of FL 10 BLB) was irradi- 
ated to the vessel and a half-value period of the 
acetaldehyde concentration was measured, whereby a 
photocatalytic acetaldehyde decomposition activity was 
estimated. The results are shown in Table 1 below: 



Table 1 





Half-Value Period 


Example 1 


10 min. 


Example 2 


60 min. 


j Example 3 


15 min. 


Example 4 


10 min. 


Example 5 


180 min. 


Comparative Example 1 


180 min. 


Comparative Example 2 


300 min. 



As can be seen from Table 1 . all the titanium dioxide 
films according to the present invention showed consid- 
erably shorter half-value periods for acetaldehyde com- 
pared with that of the Comparative Example. Even 
when the thickness is so small as in Example 5, the 
activity is still the same as in Comparative Example 1. 
That is, the titanium dioxide films according to the 
present invention have the improved photocatalytic 
activities. Furthermore, it can be seen according to the 
measurement results of the permeation ratio of visible 
light that the present invention effecitvely provides the 
titanium dioxide film having the improved uniformity. 
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Example 6 

Glass wool as a substrate (25 g. commercially 
available from Nakaraitesque as a trade name of glass 
wool 167-38, fiber diameter: 10 iim) which was suffi- 5 
cientJy cleaned was immersed in 250 ml of a reaction 
solution as in Example 1 at a temperature of 30 °C for 
72 hours. Taking out the substrate from the solution, it 
was sufficiently washed with water and dried followed by 
calcining at 500 °C for 2 hours, whereby titanium dioxide 
film was formed on the substrate. The film had a thick- 
ness of 1000 nm. 

Example 7 

Example 6 was repeated except that calcination 
was not carried out but the substrate was dried at a 
room temperature (25 °C) after washing. The film had a 
thickness of 1000 nm. 



concentration in the vessel of about 50 ppm. Thereafter, 
black light (10 W, commercially available from Matsush- 
ita Electric Industrial Co., Ltd. as a trade name of FL 10 
BLB) was irradiated to the vessel and the half-value 
period of the acetaldehyde concentration was meas- 
ured, whereby a photocatalytic acetaldehyde decompo- 
sition activity was estimated. The results are shown in 
Table 2 below: 



w 

Table 2 





Half-Value Period 


Example 6 


5 min. 


Example 7 


30 min. 


Example 8 


4 min. 


Comparative Example 3 


120 min. 


Comparative Example 4 


> 600 min. 



Example 6 was repeated except that quartz wool 
was used in place of the glass wool. The quartz wool 
(25 g) was had a diameter of 6-12 um (available from 
Toshiba Ceramics as a trade name of Quartz Glass 
Wool B-Grade). The film had a thickness of 1000 nm. 

Comparative Example 3 

Titanium tetraisopropoxyde was dissolved into eth- 
anol to reach a concentration of 0.5 mol/l. Glass wool 
(which was the same as in Example 6) was immersed 
into the alcohol solution. Water was then added to the 
alcohol solution to reach a water concentration of 50 
mol/l while stirring. After the addition of water, the solu- 
tion was stirred for another one hour. Taking out the 
glass wool from the solution, it was dried at a tempera- 
ture of 100 °C for one hour followed by calcining at a 
temperature of 500 °C for one hour. Thus, a fibrous 
composite material of the glass wool with the titanium 
dioxide film was produced. However, the film was not 
complete and the glass wool was exposed in many por- 
tions thereof. 

Comparative Example 4 

Comparative Example 3 was repeated except that 
the glass wool was immersed for 30 minutes and calci- 
nation was not carried out. The fibrous composite mate- 
rial had a titanium dioxide film was produced. However, 
the film was not complete and the glass wool was 
exposed in many portions thereof. 

In order to estimate the photocatalytic activity of a 
fibrous composite having titanium dioxide film produced 
in each of the above Examples 6 to 8 and Comparative 
Examples 3 and 4, one gram of the composite was 
sealed in a quartz vessel (volume: 300 ml) and acetal- 
dehyde was then injected into the vessel to reach its 



As can be seen from Table 2, the composite 
according to the present invention provides the excel - 
25 lent photocatalytic activity compared with that of the 
composite of the prior art. 

Claims 

30 1 . A titanium dioxide film having a photocatalytic activ- 
ity which is obtained by 

depositing titanium dioxide in a film form while 
an additive is used in a reaction solution com- 
35 prising ammonium titanium fluoride and water 

which additive shifts the following equilibrium 
reaction; 

(NH4) 2 TiF 6 + 2H2O <=> Ti0 2 + 4HF + 2NH 4 F 

40 

toward a right side, and 

calcining the deposited titanium dioxide film. 

2. A film according to claim 1 wherein the additive is 
45 boric acid. 

3. A film according to claim 1 wherein another liquid 
phase is present below the reaction solution and a 
liquid of the phase is immiscible with the reaction 

so solution and has a larger specific gravity than the 
reaction solution. 

4. A process of forming a titanium dioxide film having 
a photocatalytic activity comprising the steps of: 

55 

depositing titanium dioxide in a film form by 
adding an additive in a reaction solution com- 
prising ammonium titanium fluoride and water 
which additive shifts the following equilibrium 
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reaction: (NH 4 ) 2 TiF 6 + 2H 2 0 <=> T10 2 + 4HF + 2NH 4 F 



(NH 4 ) 2 T1F 6 + 2^0 <=> T10 2 + 4HF + 2NH 4 F toward a right side, and 

calcining the deposited titanium dioxide film on 

toward a right side, and 5 the substrate, 
calcining the deposited titanium dioxide film. 

13. A process according to claim 12 wherein the addi- 

5. A process according to claim 4 wherein the additive tive is boric acid, 
is boric acid. 

10 14. A process according to claim 12 wherein the sub- 

6. A process according to claim 4 wherein another liq- strate is made of at least one of a glass, an oxide 
uid phase is present below the reaction solution and a metal. 

and a liquid of the phase is immiscible with the 

reaction solution and has a larger specific gravity 15. A process according to claim 12 wherein the sub- 

than the reaction solution. is strate is coated with an inorganic or organic paint 



7. A substrate of which the surface is coated with a 
titanium dioxide film having a photocatalytic activity, 
which substrate is obtained by: 

20 

depositing titanium dioxide in a film form on a 
surface of a substrate by contacting the sub- 
strate with a reaction solution comprising 
ammonium titanium fluoride, water and an 
additive which shifts the following equilibrium 25 
reaction: 



16. A process according to claim 12 wherein another 
liquid phase is present below the reaction solution 
and a liquid of the phase is immiscible with the 
reaction solution and has a larger specific gravity 
than the reaction solution. 



(NH 4 ) 2 TiF 6 + 2N 2 0 <=> Ti0 2 + 4HF + 2NH 4 F 

toward a right side, and so 
calcining the deposited titanium dioxide film. 



8. A substrate according to claim 7 wherein the addi- 
tive is boric acid. 

9. A substrate according to claim 7 wherein the sub- 
strate is made of at least one of a glass, an oxide 
and a metal. 



10. A substrate according to claim 7 wherein the sub- 40 
strate is coated with an inorganic or organic paint. 

11. A substrate according to claim 7 wherein another 
liquid phase is present below the reaction solution 
and a liquid of the phase is immiscible with the 45 
reaction solution and has a larger specific gravity 
than the reaction solution. 



12. A process of producing a substrate of which the 
surface is coated with a titanium dioxide film having so 
a photocatalytic activity, which process comprises 
the steps of: 

depositing titanium dioxide in a film form on a 
surface of a substrate by contacting the sub- 55 
strate with a reaction solution comprising 
ammonium titanium fluoride, water and an 
additive which shifts the following equilibrium 
reaction: 



8 



EP 0 784 034 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 11 4886 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X,D 



Y,D 



Y,D 



Citation of document with indication, where appropriate, 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 
vol. 16, no. 114 (C-0921), 23 March 1992 
& JP 03 285822 A (NIPPON SHEET GLASS CO 
LTD), 17 December 1991, 
abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 16, no. 394 (C-G976), 21 August 1992 
& JP 04 130017 A (NIPPON SHEET GLASS CO 
LTD) , 1 Hay 1992, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 13, no. 302 (C-616), 12 July 1989 
& JP 01 093443 A (NIPPON SHEET GLASS CO 
LTD), 12 April 1989, 

* abstract * 

EP 0 675 086 A (ISHIHARA SANGYO 
KAISHA.LTD.) 
claims * 



The present search report has been drawn up for all claims 



Relevant 

to I 



1-16 



1-16 



1-16 



CLASSIFICATION OF THE 
APPLICATION (1M-CL6) 



C03C17/0O 
C03C17/25 
C01G23/053 
B01J37/02 



TECHNICAL FIELDS 
SEARCHED (tntCl.6) 



C03C 
C01G 
B01J 



BERLIN 



Mi of aaedensa aflat Mad 

21 April 1997 



Cordero Alvarez, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 
V : particularly relevant We' ' 

document of the i 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 
after the riling date 



L : document dted 



cited in the application 
dted far other reasons 



of the) 



9 



